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ABSTRACT

The MSFN earth orbital coverage requirement of two
contacts per revolution for the initial three earth revolutions
of at least four minutes, assuming 5° antenna masking, can only
be fully met for launch azimuths from 72° to 84°. Using real
antenna masking, two contacts of at least four minutes on each
of the first two revolutions and one contact of at least four
minutes on the third revolution can be obtained. For 5° masking
the same is true except for three minutes not four.

The requirement of one contact of four minutes above
5° elevation between 90 and 30 minutes before injection cannot
be met for every azimuth in the 72° to 100° range. Changing to
one contact of at least 3 minutes or to real masking would be
satisfactory for all Pacific injections. For Atlantic injections
the time limit would have to be changed to read 95 to 30 minutes
or 90 to 25 minutes prior to injection. :

The prime launch day for the Apollo 15 mission to
Hadley and for the Apollo 16 mission to Descartes are used for
illustration.
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MEMORANDUM FOR FILE

The current MSFN coverage requirements (Apollo Program
Specification, Revision B, dated 4/7/70) are as follows:

1. Three minutes of tracking coverage after insertion
into earth orbit.

2. Two contacts per revolution for the initial three
earth revolutions of at least four minutes assuming
5° antenna masking.

3. One contact of four minutes above 5° elevation between
90 and 30 minutes before injection.

4, Partial coverage during the injection burn.

As discussed in the reference,* the first requirement
can be met by proper placing of the insertion ship and the fourth
requirement can be satisfied by using the Apollo Range Instrumen-
tation Aircraft. The second and third requirements will be dis-
cussed here for launch azimuths from 72° to 100° for a 5° masking
angle and for terrain masking around each MSFN station listed in
Table I. The 5° masking information was obtained from the refer-
ence and the terrain masking from Mr. W. L. Austin of Department
1025. An orbital altitude of 90 nm was used.

The coverage contacts for the first three revolutions
using a constant 5° elevation masking angle about each station
(plus antenna keyhole affects) are shown in Table II by launch
azimuth. Table III shows the same coverage using terrain masking.

*"MSFN Coverage From Insertion Through Injection Burn for
Apollo 15," J. P. Maloy, Bellcomm Memorandum for File, B70 12081,
Case 320, December 30, 1970.




Figures 1-4 represent a graphical representation of Tables II
and IIT (lst and 2nd opportunity injection for 5° masking and
lst and 2nd opportunity injection for terrain masking).

Second Requirement

The second requirement calls for two contacts of at
least four minutes for each of the first three revolutions.
Tables II and III show that this requirement is easily met for
the first revolution using 5° masking and for both the first
and second revolutions using terrain masking.

For 5° masking the requirement is not fulfilled on
the second revolution for launch azimuths of 96° to 100°. For
each azimuth, however, there are five contacts with at least
three exceeding 3 minutes (one exceeds 4 minutes). On the
third revolution for 5° masking there are at least two 4-minute
contacts for launch azimuths of 72° to 84°, at least one 4-minute
and one 3-minute contact on azimuths 86° through 96°, and a
3-minute and a 2-minute contact on azimuths 98° and 100°.

For terrain masking the requirement is not fulfilled
on the third revolution for launch azimuths of 96° to 100°.
For these azimuths there is one contact greater than 5 minutes
and one greater than 2 minutes.

Third Requirement

The third regquirement for one contact of at least
four minutes between 90 and 30 minutes prior to injection is
illustrated in Figure 5. Overlaying Figure 5 on Figures 1-4
gives the EOI to TLI times that have at least four minutes of
coverage between 90 and 30 minutes prior to TLI for an azimuth
range of 72-100° (see Table IV).

So far everything discussed has been mission independent.
Table V lists the translunar injection times (measured from in-
sertion) for the Apollo 15 mission to Hadley and a candidate mis-
sion for Apollo 16 (Descartes). Comparing Tables IV and V shows
that the third MSFN coverage requirement is met for a 5° masking
angle on first opportunity injection and for terrain masking on
first and second opportunity for both Hadley and Descartes. The
question remains as to what launch azimuths meet the third require-
ment for second opportunity injection using 5° masking. Figures
6 and 7 (derived from Figures 2 and 5 plus Table V) show that the
missions to Hadley and Descartes meet the third requirement for
launch azimuths of 72° to 95°. Descartes also meets the third
requirement for a 100° launch azimuth.



Summary

The second requirement, two contacts of at least four
minutes above 5° elevation for the first three revolutions, can
only be fully met for launch azimuths of 72° to 84°. The require-
ment of two contacts on the third revolution is for the case where
injection was not possible at the second opportunity. A modified
requirement of two contacts of at least four minutes on the first
two revolutions and one contact of at least four minutes on the
third revolution could be met for all azimuths using terrain
masking. Alternately, a requirement of two contacts of at least
three minutes on the first two revolutions and one contact of at
least three minutes on the third revolution can be met for all
azimuths using 5° masking or terrain masking.

The third requirement, one contact of at least four
minutes above 5° elevation between 90 and 30 minutes prior to
injection, cannot be met for second opportunity for a launch
azimuth range of 72° to 100°. Changing the requirement to read
terrain masking instead of 5° masking would mean that there would
be no problem satisfying the requirement for most missions. The
same results could be achieved by changing the requirement to
read one contact of at least three minutes. The missions still
not meeting the requirement would be second opportunity Atlantic
injection missions (for an example see Figure 8). For this type
of mission the pre-injection checkout would have to occur 95 to
30 minutes or 90 to 25 minutes prior to injection.

AC Wy

2013-sCw-jab S. C. Wynn
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STATION

CANARY IS.

ASCENSION

CARNARVON

GUAM

HONEYSUCKLE

HAWATT

GOLDSTONE

TEXAS

MILA

BDA

TABLE I

NETWORK

SYMBOL

CYI

ACN

CRO

GWM

HSK

HAW

GDS

TEX

MLA

BDA

LATITUDE

27 .7644N
7.9547S
24.9066S
13.3106N
35.58378
22.1264N
35.3417N
27.6539N
28.5083N

32.3506N

LONGITUDE

15.6347W
14.3272W
113.7255E
144.7369E
148.9783E
159.6656E
116.8733W
97.3783W
80.6934wW

64.6581W
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TIME OF START OF COVERAGE FROM EOI (MINUTES)
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FIGURE 1 - STATION COVERAGE SUMMARY FOR 1ST OPPORTUNITY (5° MASKING)
FOR LAUNCH AZIMUTHS OF 72 TO 100°
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FIGURE 2 - STATION COVERAGE SUMMARY FOR 2ND OPPORTUNITY (5° MASKING)
FOR LAUNCH AZIMUTHS OF 72 TO 100°
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FIGURE 3 - STATION COVERAGE SUMMARY FOR 1ST OPPORTUNITY (TERRAIN MASKING)



TIME AT START OF COVERAGE FROM EOI (MINUTES)

280

260

240

220

200

180

160

140

120

LAUNCH AZIMUTH - 80 84 100
— 98 96 92
——— GWM
8.1 80 76
e CRO
72
96 72
< = — e 8 pcN
76
06 = A 2 BDA
92 88 84 76 80 MLA
100 96 729288 .
100 96 88 80 72 .o o8 72 7680 >¢ TEX
98 92 84 76
72
> 88 92
100 9896 76 80 sa° HAW
92 96
— 98 100
- GWM
0
e 89 92 72 88 84
> >-——o CRO
76 80
| 1 | ] L ] A
1 2 3 4 5 6

LENGTH OF COVERAGE (MINUTES)

FIGURE 4 - STATION COVERAGE SUMMARY FOR 2ND OPPORTUNITY (TERRAIN MASKING)

FOR LAUNCH AZIMUTHS OF 72 TO 100°
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LENGTH OF COVERAGE (MINUTES)
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FIGURE 5 - MSFN COVERAGE REQUIREMENT OF ONE CONTACT OF AT LEAST FOUR MINUTES
BETWEEN NINETY AND THIRTY MINUTES PRIOR TO TLI
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FIGURE 6 - HADLEY 7/26/71 LAUNCH — 2ND OPPORTUNITY (5° MASKING)
FOR LAUNCH AZIMUTHS OF 72 TO 100°
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FIGURE 7 - DESCARTES 3/17/72 LAUNCH — 2ND OPPORTUNITY (5° MASKING)
FOR LAUNCH AZIMUTHS OF 72 TO 100°
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